Ran is the only known member of the Ras superfamily of small GTP-binding proteins to be localized primarily inside the nucleus, and there is considerable evidence that Ran is closely involved in the traffic of macromolecules into and out of the nucleus [1, 2] . Ran has been shown to be an essential factor for nuclear import in digitonin-permeabilized cells, and mutant forms of Ran inhibit both protein import into the nucleus and mRNA export from the nucleus in vivo. Additional evidence of a role for Ran in nuclear transport has recently come from the discovery of a new nuclear pore complex protein, Nup358, that binds Ran directly.
Nup358 -for nucleoporin of 358 kD -was independently cloned and sequenced by two groups [3, 4] . Nishimoto and colleagues [3] pulled out the clone using a yeast two-hybrid genetic screen with human Ran as 'bait' to detect Ran-interacting proteins. Investigators in the Blobel laboratory [4] screened an expression library for proteins that interact with Ran loaded with 32 p_ labelled GTP. The sequence of Nup358 contains a number of interesting features. Its ability to bind Ran appears to be conferred by four domains, each of which is homologous to a soluble, cytoplasmic protein called RanBP1 (Ran binding protein 1). RanBP1 was originally identified on the basis of its ability to bind GTP-Ran (but not GDP-Ran) on western bl6ts, but its exact function in vivo is unclear [5] . Each of the four RanBPl-like domains of Nup358, when expressed separately, is capable of binding GTP-Ran; the four have therefore been designated as Ran-binding domains [3] .
The sequence of Nup358 (also called RanBP2) also reveals several Phe-X-Phe-Gly and Phe-Gly repeats, which are common to a number of proteins of the nuclear pore complex [6] , and Nup358 has been localized to the nuclear pore complex by immuno-electron microscopy [3, 4] . It seems to localize to the cytoplasmic side of the complex, at or near the ends of the small fibers that extend from the nuclear pore complex into the cytoplasm (Fig. 1 ). In addition, Ran coupled to gold was found to decorate only the cytoplasmic side of nuclear envelopes [4] . Two of the three anti-Nup358 antibodies used by Nishimoto's group also gave immunogold labelling on the nucleoplasmic side, although whether this pattern might reflect cross-reactivity of the antibodies with other nuclear pore proteins (nucleoporins) is unclear [3] .
A 358 kDa protein has room for plenty of 'motifs', and Nup358 has also been found to contain eight zinc finger motifs of the Cys 2 -Cys 2 type, a leucine-rich region, and a carboxy-terminal cyclophilin A-like domain. Another nucleoporin, Nup153, also contains zinc finger domains and has been shown to bind DNA-cellulose in vitro [7] . Nupl53 is localized on the ring at the tip of the 'basket' on the nucleoplasmic side of the nuclear pore complex (Fig. 2) , and is therefore positioned such that it might logically bind chromatin in vivo -but any role for Nup358 in DNA binding seems less likely, because of its cytoplasmic location. Another possibility, particularly as both of these proteins are structural components of the nuclear pore complex, is that the zinc finger domains of both proteins are used for protein-protein interactions. Alternatively, the zinc fingers could mediate an interaction with RNAs during their transport through the nuclear pore complex. The presence of the cyclophilinlike domain is intriguing, but its significance is unclear; cyclophilin can act as a peptidyl-prolyl isomerase, but its exact function in vivo is unknown [3, 4] .
A soluble form of Nup358 has also been observed. Bischoffet al. [8] identified Nup358 in a Hela cell lysate as a protein that inhibits the dissociation of GTP from Ran, Fig. 1 . Localization of Nup358 to the cytoplasmic face of the nuclear pore complex on isolated rat liver nuclear envelopes. Immunogold labelling used an anti-Nup358 antibody followed by gold-conjugated second antibody [4] . (Photographs kindly provided by Michael Matunis and GOnter Blobel.) Fig. 2 . The approximate locations of karyopherin-binding proteins in the vertebrate nuclear pore complex. The localizations were adapted from [6] and references therein.
although they also reported that most of the Nup358 protein required 350 mM NaCI for solubilization. So far as it is known, all nuclear pore complex proteins lacking a transmembrane domain are cytoplasmic for a while, after their synthesis but prior to their incorporation into either newly forming or pre-existing nuclear pore complexes. Very little is known about nuclear pore complex assembly or the half-life (and possible turnover) of nuclear pore complex proteins, so the existence of a soluble pool of Nup358 may or may not be significant with regard to its function. The presence of even a minor cytoplasmic pool might play a role in regulating the availability of GTP-Ran for the import reaction.
Prior to its identification as a Ran-binding protein and its localization to the nuclear pore complex, Nup358 had already been implicated in another aspect of nuclear transport. Karyopherin is a protein complex (composed of o and 3 subunits) that binds in the cytoplasm to proteins containing a nuclear localization sequence, and docks them at the cytoplasmic face of the nuclear pore complex [9] . Using an overlay assay, we showed that karyopherin interacts with several repeat-containing nucleoporins, including Nup358 (previously referred to as p270), Nup214, Nup98 and, probably, p6 2 [9, 10] . Because these multi-copy nucleoporins are present on both the cytoplasmic and nucleoplasmic sides of the vertebrate nuclear pore complex (Fig. 2) , it has been proposed that one method for moving a transport substrate through the nuclear pore complex might be via a series of karyopherin-mediated docking and undocking reactions on these nucleoporins. In mammalian cells, Nup358 appears to be the only member of this karopherin-binding family (as identified by the overlay assay) that also binds Ran [9] . Thus, two essential transport factors (Ran and karyopherin) are bound using different sites on the Nup358 protein. Interestingly, the yeast nucleoporin Nup2 also contains both a Ran-binding domain and Phe-X-Phe-Gly repeats [11] .
What is the function of the interaction between Ran and Nup358? Because of its location, Nup358 is almost certainly involved in transport through the nuclear pore complex, but in which direction? Nup358 could be involved in the initial stages of nuclear import or at the last stage of nuclear export, or both. It might be involved in assembling transport factors during the early stages of import, by virtue of its ability to bind both karyopherin (with bound import substrate) and Ran. Nup358 appears to have a much higher affinity for GTP-Ran than for GDP-Ran [3, 4] . The only known exchange factor that stimulates the conversion of GDP-Ran to GTP-Ran -RCC1 -is located inside the nucleus, and the only known GTPase-activating protein (GAP) that acts on Ran -RanGAP1 -is located in the cytoplasm (at least in yeast) [1, 2] . The available data indicate that it is GTP-Ran that is required for nuclear import and, as non-hydrolyzable analogs of GTP inhibit nuclear import, that Ran has to hydrolyze GTP at some point during import [2] . A likely trigger for the release of Ran from Nup358, therefore, would be GTP hydrolysis by Ran, stimulated by RanGapl. The precise function of Nup358 of course remains to be elucidated, but as Ran is located both inside the nucleus and in the cytoplasm, its interaction with Nup358 may be only one transient step among many during nucleocytoplasmic transport.
